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Disclaimer 



This rq5ort was prqiared for the Ontario Ministry of the Environment as part of the Ministry's infonnation 
transfer activities. We hope that the report wiO provide pCTSpective and encourage discussion in a rapidly 
changing technological world. The views and ideas expressed m this report are based on intapretations 
of various referenced authors and do not necessarily reflect the position or policies of the Ministry of the 
Environmait, nor does mention of trade names or commo'dal products constitute endorscmoit or 
recommaidation for use. 

Any pCTSon who wishes to rq)ublish aU or part of this report should obtain permission to do so from the 
Environmental Tedinology SCTvices Section, hidustry Conservation Branch, Ontario Ministry of the 
Environment, 2 St. Clair Ave. West, 14'^ Floor, Toronto, Ontario, M4V 1L5. 
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Executive Snmmary 

totcmal combustion engines in vehicles enrit airbcme hydrocarbons, ozcee, carbon monoxide and other 
coinxjunds which pollute the air. Cars and trucks also are significant sources of carbon dioxide which may 
contribute to global wanning. 

Electric vehicles which use systems such as batteries and fuel cells to power them do not directly emil 
pollutants or carbon dioxide and they promise significant environmental benefits. A number of technical 
and economic in^jedinxnts must be addressed however before the marketplace accepts EVs. These barriers 
include lack of suitable infrastructure, an inability to quickly charge large mmibers of batteries, a limited 
number of models and higher cost 

Tlie lack of suitable battery-manufacturing facilities also is a primary iii5)edimsnt to the mass production of 
EVs. Cunrent battery-manufacturing plants are only pilot scale (e.g. S30 million capital cost per plant), with 
each plant annually making less than 5,000 batteries. However, mass-production plants (e.g. $500 million 
captal cost per plant) should be operating by 2001 or 2002. 

Much recent attenticm has focussed an California and its ZEV legislation. Tlie original legislation required 
OEMs to sell electric vehicles in the state by 1998. However, automobile manufacturers and the oil industry 
argued that consumers would not buy early versions of EVs due to their high cost, limited range and short 
battery life. 

The California Air Resources Board (CARB) amended the legislation in March 1996 removing the 
requirement that two per cent of nwdel year 1998 vehicles, or approximately 22,000 cars, must be EVs. 
Tbe CARB instead agreed with the seven large-volume OEMs that they each would produce 3750 
advanced-technology demonstration EVs by 2003. 

This revision raised questitms for the states of New York and Massachusetts which had adopted the original 
Cahfomia ZEV legislalioa Massachusetts has since adopted tbe revised law. However New York state 
continues to mandate that 2 per cent of new vehicles sold in 1998 in the state must be EVs. Financial penalties 
will be incurred by the OEMs if this level is not met. 

The lone market opportunity in Canada for electric vehicles currently is the Vancouver area because of its 
moderate climate and the support for EVs by the provincial government. Howevo", EVs will have to be 
accepted widely in cold climate areas throughout North AmCTica. An estimated population of 300 mUUon is 
needed to sustain a viable EV automobile industry, yet seventy per cent of the population in North America 
lives in cold climate areas. 

The mtroduction of EVs in Ontario would bring significant environmental benefit. Annual emissions 
from the transportation sector in the province currently total 630,000 tonnes of NO,, 390,000 tonnes of 
hydrocarbons (HC), 3.6 million tonnes of carbon monoxide (CO), and 48 million tonnes of carbon dioxide 
(COj). Replacing an ICE vehicle with an EV reduces emissions of NO, by 88.1 per cent, HC by 
93.9 per cait, CO by 99.6 per cent and CO3 by 75.8 pearcent (Heath et al, 1994). If EVs comprised 
one per cent of the of the highway transportation vehicle fleet in Ontario, annual emissions would be 
reduced by 5,500 tonnes of NO,, 3,700 tonnes of HC, 35,900 tonnes of CO, and 363,800 tonnes of CO^. 



Canada could also benefit economically from the wide introduction of EVs. Opportimities to develop and 
manufacture motors, motor controllers, batteries/fuel cells, charging systems, and advanced technologies 
such as flywheels would be created. The manufacture of "gliders" for the California market would also be 
an opportunity for douKstic branch plants of the Big Three automobile manufacturers. 



1. Introduction 

Internal combustion engines in vehicles emit airborne hydrocarbons, ozraie, carbon monoxide and other 
compounds which pollute the air in najor cities. Cars and trucks also are significant sources of carbon dioxide 
which may contribute to global wanning. 

Catalytic converters on vehicles cut emissions of many pollutants by more than 90 per cent, but they are not 
the only solution to the problem. Catalytic converters also do not reduce emissions of carbon dioxide. 

Electric vehicles which use systems such as batteries and fuel cells to power them do not directly emit 
pollutants or carbon dioxide and they promise significant environn:»ental benefits. A number of technical and 
economic impediments must be addressed however before EVs are accepted in the marketplace. This report 
focuses on battery-powered EVs fcff the light-duty vehicle market 



2. Background 

The electric car made its debut in Berlin in 1 882 and it dominated the streets of Eurc^ and America until 
1910. Electric propulsion seemed as likely a ftiel for transportation as gasoline in the early years of the 
automobile. Each nxthod had its advantages, but neither emerged as a clear choice of consumers. 

The invention in 191 2 of the electric starter to replace the hand crank for gasoline-fuelled automobiles, 
combined with Henry Ford's ability to mass pro<toce the gasoline-powered automobile, secured the future of 
the ICE. Enthusiasm for EVs waned although interest in them remamed with enthusiasts and automobile 
OEMs. 

The development of EV tcchiwlogy has accelerated since the late 1980s, but not because of normal market 
forces. The market for EVs has been created by legislation, particularly that enacted in California in 1991 
in response to severe air pollution problems in the state and notably in die Los Angeles Basin. 

Air pollution is not as severe in Canada as it is in California, but automobiles and the burning of fossil fuels 
cause much of the pollution which threatens the quahty of the urban environment Vehicles also are a 
significant source of greenhouse gases. Canada has a large supply of relatively "clean" elecoicity from its 
variety of hydro, nuclear and fossil-fuelled generating stations which means that EVs couid reduce emissions 
of greenhouse gases per vehicle miie by 60 per cent and ozone-related emissions completely (Webb, 1993). 



3. The State of the Technology 

Electric vehicles have fffompted ihe further technical evolution of components which have been originally 
designed and refined for the ICE amomobile. These areas include: vehicle aerodynamics, high-strength/ 
light-weight composite materials, high efficiency motOTs, energy storage systems which deliver both good 
performance and driving range, regenerative braking, low rolling resistance tires, and advanced electrooics 
such as motes: oaitrollcrs and ultra capacitors. 

A number of technological and market barriCTs still must be overcome before EVs are commercially viable. 
One major area in which progress is needed is in storage batteries and fuel cells. These systems mist have: 

* high energy density (for long range). 

•■ high power density (for good perfainance). 

» fast recharging/refuelling time. 

* long cycle hfe. 

•> competitive first cost. 

Issues vMdi must be addressed to promote public acceptance of dedicated battery-powered EVs include: 

* it must be a seccaid family car. 

» what percentage of the population can afford to buy a special-purpose car? 

*> would tax incentives encourage ccwisumers to buy EVs? 

» ccwisumers are unlikely to spend much nx)re on EVs just to benefit the raiviroonoenL 

•► the infrastructure needs to suj^kmI the wide use of EVs. 

The scope of the study here is hmited to the overall vehicle and the motca- and energy stca-age systems 
(e.g. traction batteries and flywheels). 



3.1 TTie Vehicle - Porpose-built or Conversion 

An EV is a vehicle with an electric propulsicai system. The basic requirements are a power source such as 
a battery, flywheel or fuel cell, a motor controller and an electric traction motOT. 

Electric vehicles may be conversions of existing ICE models or be purpose-built. Both types are being 
develq)ed worldwide by large and small autoimbile OEMs (Table 1 ). Vehicles such as the General Motors 
S-10 picki^). Ford Ranger, Chrysler EPIC, Solectria Force and Toyota RAV4-EV are EV conversions. 
They ccHisist of a "glider" (i.e. a car frame without an engine) fitted with EV conponents. The BMW El 
and E2, Honda EV Plus, GM EVl and Solectria Sunrise are designed and developed as EVs. 

Bombardier Inc. is one Canadian OEM of EVs. The con^any makes a two seat Neighbourhood Electric 
Vdiicle (NEV) in Shearbrooke, Qiiebec. The NEV is designed for shon-distance residential travel and it is 
targeted at the nearly 90 pa cent of drivers in North America who travel less than 15 km per day in their 
car. The National Institute of Standards and Technology, which is the US equivalent of Transport Canada, 
will shortly be establishing regulations for NEVs. 

All these EVs except those fi-om BMW are commercially available. Automobile OEMs however will need to 
diversify the range of available EV models if they are to comply with legislation in California and elsewhere 
that requires by 2003 that 1 per cent of sales of new vehicles must be EVs. As an illustration, the highly 
pqnilar ICE powo'ed Ford Taurus currently constitutes only 2 per cent of vsw vehicle sales in North America. 



Table 1 Worldwide EV Development Programs 



Vehicle 


Developer 


Type 


Slams 


Baneiy 


Motor 


Range 
Federal 

Urban 

Driving 

Sdiedtde 

(krt) 


Top 
Spd. 

(tpi.i 


Est. 
Cost 
(Cdn) 


E1/E2 


BMW/Unique 
Mobility 


4-passenger 
car 


Concept 


NaNia 
200 kg 


BDO'MM 

32 kW 


240 


120 


N/A 


Nei^iboiifaood 
Electric Vehicle 


Boniiardier 


sub-conipact 
car 


ConmerdaUy- 
available 


Sealed 
Pb-add 


SRM 


50 


40 


$10 k 


EPIC 


Chrysler 
Cmj), 


Passenger/ 
Cargo 
ninivan 


Prototype 


Pb-acid 


SOM 
46 kW 


180 


105 


S135 
k 


Ranger EV 


Ford Motor 
Co. 


Pickup truck 


Comnnercially- 
avaiiable 


Sealed 
Pb-acid 


SOM 


80 


120 


$43 k 


EVl 

(5* Generation 
Impact) 


General 
Motors 


2-pas3enger 

sub-coiMpact 

sports car 


ConTOBTdally- 
available 


Pb-acid 
500 kg 

or 
NiMH 


SOM 

102 kW 


105Pb-»dd 
220 NiMH 


125 


$47 k 


lapacx 


General 
Motors 


2-pas9enger 

siib-conij>act 

sports car. 


Prototype 


Pb-acid 
500 kg 


SOM 

102 kW 


190 


120 


$95 k 


Chevy S-10 


General 
Motors 


Pidcuplfuck 


Commeicially- 
avaitable 


Pb-acid 

635 kK 


SOM 

85 kW 


100 


120 


S45k 


EVPhu 


Honda Motoi 

Co. 


4-passenger 
higb-hal 
wagon 


Conmercially- 
available 


NiMH 


BDCPMM 


205 


130 


$72 k 


Nijsan Prairie 
Joy 


Nisan Motor 
Co. 


4-paasenger 
electric van. 


Available in 199 


Lj-ioo 


BDCPMM 
62 kW 


>200 


120 


N/A 


106 


Peugeot 


Compaa 

passenger 

car 


Conmetcially- 
available 


NiCd 
260 kg 


SOM 


120 


90 


$25 k 


Suorix 


Solectria 
Corporation 


4-pas3cnger 

siii-con|>act 

sports car 


To be 
commercialized. 


Pb-add 
or 

NiMH 


2SaM 
21 kW 


175 


120 


$20 k 


Force 
(Ceo Metro) 


Solectria 
Corporation 


4-passaiger 
confiact car 


Commcrcially- 
avail^le 


Pb-add 
or 

NiMH 


2 SOM 

21 kW 


160 


113 


$60k 


RAV4-EV 


Toyota Motor 
Coiporaiion 


4.passenger 

jfKMts utility 

vehide 


Commetcially- 
available 


NiMH 


BDCPMM 
45 kW 


195 


130 


N/A 



3.2 EV Motors 

A motor for an EV must be compact and light. The motor can be mounted in the transaxle which connects 
the two driven wheels to keep transmission losses between the motor and the wheels as low as possible. 
The Ford Rangw uses this system. An alternative is to build the motors directly into the wheels of the 
vehicle as in the GM EVl (WMCCL, 1994). 

Variable torque and speed control are essraitial for EV propulsion systems. Direct current drives have 
beai used widely for EV propulsion systems due to their simple controllability. Recent advances in 
semi-conductor tedmology, powCT electronic componaits, and Mgh speed microprocessors have increased 
the popularity of AC (Mves over DC drives. 

The three types of electric motors which currently are most suitable for EV propulsion systems are the: 

* squirrel-cage AC induction motor (SCIM). 

► switdied-reluctance motor (SRM). 

► brushless DC permaneot-ma^iet motor (BDCPMM). 



3.2.1 Squirrel-Cage AC Induction Motors 

The design of SCIMs for variable frequency drive application is quite differmt from the convaitional fix 
frequaicy motor design. Squirrel-Cage AC Induction Motors typically are used for constant speed work. 
Electric vdiicles require constjmt horsepower over a wide speed range. Most current EV development 
programs such as those in Table 1 utilize SCIMs (WMCCL, 1994). 



3Jh2 Switched-Reloctance Motors 

Switciied-Reluctance Motors have a very simple and rugged rotor and they produce more output than a 
SCIM of the same size. The rotor for a SRM has no windings which means lower rotor losses, it is easier 
to cool and it can be nm at a voy high speed. Westinghouse Motor Company is currently investigating 
the use of SRMs for EVs although their design for this application is still in the development stage 
(WMCCL, 1994). 



3J,3 Brushless DC Permanent-Magnet Motors 

Brushless DC Permanent-Magnet Motors are capable of higher specific output which means that they 
are more compact and lighter compared to SCIMs and SRMs. Motor weight can be reduced by 30 per cent 
by using permanent magnets instead of wound field poles. Motor efficiencies are high because power 
losses which result from field windings are eliminated. Brushless DC Permanent-Magnet Motors run at 
up to 6,000 to 7,000 rpm and their part-load efficiency may be evm better than AC mduction motors. 
Unique Mobility is one company which is at the forefront of BDCPMM devdopmait. 

Obstacles associated with the BDCPM motor which need to be overcome include: 

* permanent magnets (PMs) can be accidentally de-magnetized 

> the high cost of PMs . 

> the durability of PMs. 



3 J The Battery 

EnCTgy storage systems which are not pofonnance and cost competitive with hydrocarbon fuels are the 
biggest obstacle to the commercialization of EVs. 

The California Air Resources Board battery audit identified the lack of suitable facilities to make batteries as 
the pimary inpedin^nt to the mass production of EVs. Current plants are only pilot scale (e.g. S30 nullion 
capital cost per plant) with each plant annually making less than 5,000 batteries. However. mass-iffoductiOTi 
battery plants (e.g. $500 milhon capital cost per plant) should be operating by 2001 or 2002. The battCTy-pack 
currently r^resents 50 per cait of the cost of an EV and the cost of batteries will remain high until they can 
be mass-produced. 

The high cost of some types of batteries is further compounded by their Umited cycle life. A Pb-acid 
battCTy-pack lasts for less than 100,000 km and it must be r^laced every few years. Limited cycle life is 
of mudi less concern with NiMH and Li-ion batteaies which can last more than 300,000 km. 

Vehicles which use hydrocarbon fuels have better performance and longer range than vehicles that use 
electrochemical batteries. This is due to the superior ena-gy density, measured as the specific aiergy, 
of hydrocarbon fuels. Gasohne has an enagy density of about 12,000 Wh/kg. The specific aiergy of a 
typical Pb-acid battery is only 30 - 50 Wh/kg while that of a Li-polymer battery exceeds 200 Wh/kg. 

Gasoline also is superior to batteries in terms of its specific powa. Specific power is a measure of potential 
acceleration and maximum speed of the vehicle. 

Current advances in battay technology will address at least some of these performance and cost 
disadvjuitages. Mitsubishi reports that they are developing a manufacturing process which v^dll aiable them 
to produce a Li-ion battery which costs 40 per cait less than the Sony-Nissan Li-ion battoy. Hydro Quebec 
and 3M are at the pilot plant stage of developing a Li-polymer battery which will allow a vehicle to travel 
more than 400 km between charging. Gene^ Motors plans to off^ NiMH batteries as well as the current 
Pb-acid batteries in an attempt to double the range of its EVl model to about 220 km (Law, 1997). 

The pCTformance characteristics for several existing and proposed batteries for EVs are summarized in 
Table 2. 

Table 2 Short-Term, Mid-Term and Long-Terai EV Battery Technologies 



Battery 


Manufacturer 


Specific Energy 

(Wh/kg) 


Specific Power 

(W/kg) 


Cycle Life 


Pb-acid 


Electrosource 


4L5 


65 


900 


Li-ion 


Sony-Nissan 


120 


150 


-1,000 


Li-polymer 


Hydro Quebec- 3M 


>200 


N/A 


> 1.000 


Nickel-metal 
hydride 


Amotsoshita-Toyota 


80 


160 


> 1,000 


Nickel-metal 
hydride 


GM-Ovonics Battery 
Co. 


81 


158 


> 1,000 



A disadvantage of any type of battCTy is that it takes more time to redharge than it does to fill up an ICE 
vehicle with gasoline. Evai quick-charging the baiiery of an EV may take 1 5 minutes. 

Climate is another factor which affects the performance of battoies in EVs. Electric vdiicles cannot be 
operated year-roimd in nrost parts of Canada because their batteries lose significant energy capacity during 
winter. This problem can be ovCTcorae by an on-board thomal battery management system which 
maintains an acceptable opoating tempaature for the battery during cold weather (Heath et al, 1994). 
Thermal battery management systems gesiaally involve reversible heat punq^s and diesel-fired heaters. 

Vdiicular parasitic losses in cold climate conditions also may reduce the range of currMit dedicated electric 
vdiicles by 60 - 80 per cent to less Uian 40 km if there is more than 15 cm of snow. These parasitic losses 
can be limited to 15 - 20 per cent if the battery pack is properly insulated. 

Electromechanical batteries (EMBs), commonly known as flywheels, also might be used to address some 
defideades of existing battery systems. Electromechanical batteries are high-speed power devices which 
are ideally suited to load levelling a drive system. The spedfic ena"gy of EMBs is estimated to be between 
500 - 600 Wh/kg, but their major benefit is a powCT density of between 5,000 - 10,000 W/kg. This would 
be significantly better thai currently available battery technologies. 

The high power density of the EMB combined with the high enCTgy density of the chemical battay in 
a hybrid drive system could thus address both the performance and range requiremaits of the EV. 
Electromechanical battaies however have yet to be demonstrated in an EV application (Riezenman, 1992). 



4. 



The Stakeholders and Key Client Groups 



Legislation and not normal market forces has aeated the recait interest and inaeases demand for 23EVs. 
The most significant statute is that enacted by the California Air Resources Board (CARB) in 199 1 in 
response to severe air pollution problems in the state and notably in the Los Angeles Basin. While this law 
forces automaka^ to produce EVs, it does not compel customers to buy ihem. 

Automakers and the oil industry particularly argued that the law that OEMs must sell EVs in California by 
1998 would be countCTproductive. They reasoned that consumers would not buy early versions of the EVs 
because of their hi^ cost, limited range, and short batt«y life, and that the ultimate market accqjtance of 
EV technology would be con^roraised. 

In March 1996, CARB revised the legislation. The Board removed the requirement for the model year 1 998 
that two per cent of new vehicles sold naist be EVs. Instead the CARB agreed with the seven large- volume 
OEMs that the OEMs would eadi produce 3.750 advanced-technology demonstration EVs by 2003. General 
Motors, Chryslor, Ford, Toyota, Nissan, Honda and Mitsubishi, each of whom sell annually more than 
35,000 vehicles in the state, were covered by the agreement (Heath et al, 1994). 

Table 3 highlights the proposed implementation schedule for ZEVs in California. 



Table 3 



California Clean Air Standards for Zero-Emission Vehicles 





Aff Qiulitv Re^uircsieats 






Psrccntage of Vehicles Sold Meetmg Emissions Si 






HC 


NO. 




CO 


1 1998 


1999 


2000 


2001 


2002 


2003 


0.00 


0.0 




0.0 


IT 
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This revision to the California ZEV law raised questions for the states of New York and Massachusetts which 
had adopted the original legislaticMi. Massachusetts has since adt^ted the revised law. New York state 
however continues to mandate that two per cent of new vehicles sold in 1 998 must be EVs. Financial penalties 
will be incurred by the OEMs if this level is not met. 

Texas and twelve oihsx states, mostly in the northeast and mid-Adantic regions, also have adopted all or 
part of the CARB rules. These stales buy approximately 40 per cent of the cars sold in the United States 
(Bedard, 1992). Other states may soon follow. 

Gaieral Motors, Ford and ChryslCT while opposed to the CARB ZEV legislation all have responded by 
developing prototype or concept EVs. Gwieral Motors is aiming for the retail market with their EVs, while 
Ford and Chrysler are targeting fleet customers. Many smaller OEMs also are working to commCTcialize 
battCTy-powered EVs. 

General Motors first produced EVs in 19 1 6 when GMC Track built a number of electric trucks whidi used 
Pb-acid battories. In the 1990s, GM introduced the two-seat taqjact. The bnpact is a purpose-built EV 
which uses Pb-acid batteries and AC induction motors. The model which is now known as the EVl cm 
accelCTale comparably to an ICE-powo-ed car. It can go from zero to 100 k.p.h. in about 8 seconds and it 
has a top speed of ovct 160 k.p Ji., although a speed governor keeps it undCT 125 Lp.h.. The range of the 
vdiicle at 90 k.p Jl is approximately 105 km, but is estimated at 220 km with a NiMH battery. 

General Motors now has invested more than $1 billion in the EVl which is built at the company's assembly 
plant in Lansing, Michigan. Genial Motors also is developing EVs in Europe. Additional information is 
contained in Appaidix A. 

The EVl is the first vehicle to carry a Geaieral Motors designation rather than of one of the company's 
marketing divisions. The EVl can be leased through twenty-six Saturn retailers in Los Angeles, San Diego, 
Phoenix and Tucson. Whai it was first available in December 1996, the company adopted stringait ariteria 
for lessees accepting only ten per cent of applicants. 

General Motors had leased only 176 EVl s by late April 1997, well below the rate at which they could be 
made. GM subsequently reduced the monthly lease rale by 25 per crat from $715 to $540, and now aims 
to lease 100 EVls per month. It will also provide refunds to existing operators of the EVl G-aw, 1997). 

The reduced cost of leasing and plans to install NiMH batteries instead of Pb-acid batteries in the EVl 
comes as GM faces competition from Honda's EV Plus and the RAV4-EV from Toyota. 

General Motors also leases to commercial fleets an electric version of the Chevrolet S-10 which uses the 
same technology as the EVl . Further technical and poformance specifications of the S-10 are outlined in 
Table 1 . The company also recently formed a business unit called Delco Propulsion Systems which will 
market EV parts and propulsion systems, including those that were incorporated into the EVl, to makers 
worldwide of cars, buses and trucks. 

The Ford Motor Company offered its EV named the Ecosiar on a 30 month lease demonstration program. 
The Ecostar was based on the company's European Escort van and it operated on NaS batteries coupled 
with an AC induction motor. The Ecostar had a top speed of approximately 120 Lp.h. and a range of about 
1 60 km in mixed urban-highway driving. Howevo- the Ecostar vehicle fleet was scrapped at the end of 
the demonstration prograna. The company now offers the Ranger pickup truck which is built as an EV. 
More details on its technical and performance specifications are in Table 1 . The Ford EV development 
program also is based in Michigan. 



The Chrysler EPIC is based on the Plymouth VoyagCT mjnivan. The EPIC uses Pb-acid batteries and a 
Westinghouse AC -induction motor. The EPIC has a top speed of approximately 105 k.p Jl and a practical 
range of about 1 80 tan. Gliders for the model will be manufactured at the company's minivan plant in 
Windsor and these will be converted to electric propulsion in the US. 

The J^anese OEMs are more scCTelive about their TEN programs. They have demonstrated various 
concept cars, but their models for the California market have been cloaked in seaecy. It is speculated 
that the vehicles will use storage systems based on hydrogen, such as fuel cells, or ICEs which are fuelled 
by hydrogai. 

Honda and Toyota do have EVs which are already available comma-dally. Honda's EV-Plus is designed 
and built as an EV while Toyota's model is based on the RA"V4 sports utiUty vehicle. Nissan will be 
introducing an electric van in 1998. 

Many aitirely new conqjanies also are emerging as potential manufacturo-s of EVs or their conq)onents. 
The Big-Three automako-s are likely to buy parts from secondary manufacturers or they could seU CTtire 
EVs from other manufactures under their own name. 

Peugeot is ah^eady selling EVs in Europe and it is the OEM which is probably most advanced in developing 
on-road EVs for commercial sale. Peugeot has no curraQt plans to sell EVs in the United States although 
other OEMs may seek to "re-badge" Peugeot EVs for the California market. 

US Electricar once offered converted GEO-Prizms and Chevrolet S- 10 pickups as EVs for about $54,000. 
The company now converts commercial vehicles such as postal delivery trucks to opCTale as EVs. 
Solectria Corporation of Wilmington, Massachusetts, founded in 1986, plans to manufacture about 20,000 
Sunrise EVs in 1998. The target price for this purpose-built, all-composite EV will be under $30,000. 
The price mcludes the Pb-add battery (South Coast Air Quality Management District, 1995). Solectria is 
also converting GEO Metro and Chevrolet S-10 pickup trucks for opa^tion as EVs. Appendix C contains 
additional information. The EVs whidi are converted by Solectria are supplied to the Canadian 
marketplace by Sirdo Canada Inc. of St. Thomas, Ontario. 

A numbCT of other worldwide EV development programs are highlighted in Table 1 . 

Many automakers are individually pursuing their own programs to research and develop batteries. The Big 
Three US automakers along with the US Department of Energy and the Electric Power Research Institute 
formed the United States Advanced Battery Consortium (US ABC) m 1991 to develop advanced batteries 
for EVs and to inqjrove their performance and range. The consortium has an overall budget of $350 million 
and its objective is to wcrk with advanced battery developers and research companies to produce battery 
designs whidi can compete with ICE vehicles. The goal is to develop several advanced, long-tom storage 
battery tedmologies (Heath et al., 1994). 

Electric vehides built before 2000 primarily will use battery technologies such as Pb-add and NiMH. 
These battery technologies meet the USABC mid-tam goals for various key parameters except for cost. 

A group of lead producers and four battery companies formed the Advanced Lead- Add Battery 
Consortium (ALABC) in March 1992 to research and develop advanced Pb-acid batteries for EV 
applications (Heath et al, 1994). 

The advanced battery devdopment goals for the USABC juid the ALABC are outlined in Table 4. 



Table 4 United States Advanced Battery Consortium / Advanced 

Lead- Acid Battery Consortium Technology Development Goals 



Near-lenn 




BaUeiyType 



Lead-add 



Specific Energ)' 



56 (50/ 



Specific Power 



79(150)' 



Cvcle Life 



450 (500)' 



Mid-term 



Nickel Metal Hydride 



80 



150 



600 



Long-ierm 



Li-polymer or Li-ion 



>200 



>400 



1.000 



NOTE: * Technology development goals of the Advanced Lead- Acid Battery Consortium are in parenthesis. 
Specific energy is a measure of the range of an EY . 
Specific power is a measure of the performance (ie. acceleration, top speed) of an EV. 

Ameaican Flywheel Systems of Seattle, Washington, and Flywheel Energy Systems Inc. of Kanata, Ontario, 
are leaders in flywheel research and developniMit. The latter company is currently developing a 1 kWh high 
performance flywheel with a rotational speed of between 45,000 and 50,000 ipra. 

Norvik Technologies Inc. of Mississauga, Ontario, has beett developing a fast battwy charger for Pb-acid, 
NiFe, NiCd and NiMH batteries. The new 150 kW charger can charge a battay from complete discharge 
to 95 per cent of capacity in about 10 minutes. Norvik has partnered with Chrysler Corporation for the 
(kvelopmenL Both the ChryslCT EPIC and ^e Ford RangCT have been engin^ed with the Norvik 
charger's electronic controllo" as an integral part of the EV. 

Ontario Hydro is one utility which is interested in EV technology. The Chairman of Ontario Hydro in 1 993 
stated "Electric vehicles represent a very logical industrial prospect for the Province of Ontario, which is 
already a major automobile manufacturer. It also makes a lot of sense for a company such as Ontario Hydro 
to be interested in the subject . . . Widespread use of electric vehicles would be a welcome development in 
terms of urban air pollution. It would also lead to a more efficient use of Ontario Hydro's resoiffces, 
because the batteries used for these vehicles would be recharged for the most part during off-peak 
generating periods." 

Ontario Hydro's current position is to monitor the developmait of EV tedmology although it is not a 
present priority for them. The utility is waiting for a strong customs demand before they become more 
proactive. 
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S. The Impact on the Environment 

Vehicles are major emitters of VOCs and NO^. Oxides of nitrogai and certain VOCs react in the presence 
of sunlight to form ozone which contributes to smog. Fifty per ceat of VOCs and 64 per cait of NO, from 
unnatural sources are emitted by vehicles. 

Both ozone and its precursors can be transported over long distances, to fact poor air quality in the 
Windsor-io-Comwall corridor is primarily due to the transport of ozone and its precursors from the US. 
Emissions in the US must tho-efore be reduced before the levels of ozone in Ontario will be lowered. 

An excqjtion to this is urban areas where local vdiicles may be the most significant sotirces of NO,. 
Reduced emissions from the transportation sector would directly improve air quality. The transportation 
sector also is responsible for seventy six per cait of the emissions of carbon monoxide, although this 
pollutant is not transported ovct long distances. 

A key to reducing emissions of greenhouse gases also is to shift away from carbcm-intensive energy sources. 
This is particularly tnie in the transportation sector. The supply in Canada of relatively "clean" electricity 
from the variety of hydro, nuclear and fcssil-fuelled generating stations means that EVs could reduce 
emissions of greenhouse gases per vehicle mile travelled by 60 per cent and ozone-related emissicsis 
completely (Webb, 1993). 

While EVs are considered to be ZEVs and do not produce emissions at the point of use, electricity must be 
generated to charge their batteries. This means that EVs are not completely pollution-free. Emissions from 
a central power plant source however, are easier to control than from thousands of individual somces 
(Webb, 1993). 

The introduction of EVs in Ontario would bring significant environmental benefit. Annual emissions 
from the transportation sector in the province currently total 630,000 tonnes of NO,, 390,000 tonnes of 
hydrocarbons (EC), 3.6 million tonnes of CO, and 48 million tonnes of carbon dioxide (CO2,. Re5)lacing 
an ICE vehicle with an EV reduces emissions of NO, by 88.1 per cent, hydrocarbons by 93.9 per coit, 
carbon monoxide by 99.6 per cent and COj by 75.8 percoit (Heath et al, 1994). If EVs comprised one 
pCTcait of tlie of the highway transportation vehicle fleet in Ontario, annual emissions would be reduced 
by 5,500 tonnes of NO,. 3,700 tonnes of HC, 35,900 tonnes of CO and 363,800 tonnes of CO^. 



6. The Economics of EVs 

The OEMs have made a concerted effort to develop and produce a viable EV, but the current price of EVs 
is uncompetitive with that of ICE- vehicles. The cost to establish the infrastructure to support the wide use 
of EVs also is a major factor. The South Coast Air Quahty Management District in 1995 estimated that the 
United States would need to invest $15 billion in infrastructure to service EVs if they ware used widely. 
As some time will elapse before EVs gain a significant share of the market, the benefits of economics of 
scale would not be realized for some years. 

Electric vdiicles would however be cheapo" to operate on a daily basis. A Light-duty Vehicle powered 
by gasoline which is drivoi for 50,000 km per year consumes 230 gigajoules (GJ) of energy. The same 
vdiicle powered by electricity annually consumes only 65 GJ. This 165 GJ of oiergy saved is equivalent 
to 4.560 litres of gasoline worth $2,370 (at a gasoline cost of 52 cents per lifre). Ontario annually would 
save one petajoule of aiergy if only one pCT cent of the current provincial on-highway transportation fleet 
was EVs. 
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f . The EV Infrastructure 



7.1 Connections 



An EV must connect to the AC power grid for charging. To fuly charge a passenger car with a typical 
battery edacity of about 25 kWh in 8 hours requires a connection whidi can handle more than 3 kW. 
Fortunately a standard 220 V / 30 A line easily meets this need. 

The transfer of energy from the power grid to the EV can be by ohmic contact or magnetic inductioiL 
Both systems are very safe. Inductive chargCT coupling diminates exposed conductors. Ohmic contact 
utilizes a 7-pin connector and there is a delay of 10 seconds before any current is passed to the battery. 
The flow of eoergy is cut off within 3-inillionths of a second of disconnection. 

Whidi charging system will prevail is yet to be determined. General Motors utilizes an inductive 
tedinology to charge the battery of the GM EVl and the Chevrolet S- 1 electric pickup truck. Nissan also 
has adopted the mductive technology. Toyota has purchased patents for both inductive and ohmic contact 
technologies. If the public believes that ordinary plugs are dangerous and inductive chargers are safe, 
psychology and not tedmology ultimately may decide the issue (Riezenman,1992). 



7J1 Quick-Charging 

Studies of driving patterns suggest that the vast majority of cars daily travel no more than 40 km. 
Most electric vehicles can therefore be easily charged overnight at their home base, hi densely populated 
cities such as Toronto, some EVs may not have a home base and must be charged at public charging 
stations or use curbside dharg^s. 

One study in California estimated that 85 per cent of privately owned or commercial fleet EVs will be 
charged ovanight at home. An additional 1 per cent of vehicles will be charged through opportunity 
charging. Typical sites for opportunity charging would be near major highways. They would allow 
vehicles to be trickle-charged in four hours. 

Only five per cent of cars will be charged in minutes by quick charging. Most experts however agree that 
it will be difficult to sell EVs which cannot be charged in minutes. Although they may not use the feature 
very often, people will want to know that they can quick charge their EVs if needed. 

To fully charge an EV battery from near depletion in 1 5 minutes requires in the ord«" of one hundred 
kilowatts of power. This capacity is not available in typical homes. Special industrial quick charge stations 
will be needed (Riezenman, 1992). These stations will buy che^ energy during off-peak periods 
(e.g. at 30 per kWh), store it in an underground battCTy storage system (e.g. using Zinc Bromine battery 
system) and then resell it to day-time customers at a much higher cost (e.g. 300 per kWh). 
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13 Chargii^ Scenarios Within The Ibdsting Utility Infrastructure 

Four possible scenarios are oivisaged for charging EVs; home diarging, workplace charging, opportunity 
charging in the transportation corridor, and oil companies becoming enagy distribution companies. 

The divCTsity of load wUl allow 25 kWh and 35 kWh b^tmes typically found in EVs to be opportunity 
triddc-chargal over 4 hours or convenience tridde-charged ovct 8 hours in electrically-heated homes. 
The existing utility infrastructure in residential areas howevK" will not accommodate quick-charging unless 
the system hardware including transformers and secondary cables is upgraded or fewer homes are served 
by each transformer. 

A more detailed assessment of the different charging scaiarios is contained in Appraidix D. 

The capacity of the reciiargar also is limited. To recharge a typical 25 kWh passenger car battery 
completely in 5 minutes from a 220 V line requires more than 1000 A, 

Thwe numbers do not mean that electric vehicles are inopractical or impossible. They do mean that the role 
of EVs will be limited until batteries are substantially improved. Electric vehicles should thus mitially be 
promoted as local-delivery vans and as second cars to be used for short trips like commuting or shopping. 

Since most automobile mileage consists of such trips in any case, EVs might be more accurately regarded as 
primary vehicles. An ICE-vehicle would be reserved as a second car for special purposes such as occasional 
long trips. 

As EVs become more common, utilities will upgrade the infrastructure in existing subdivisions and they 
will design fadUties in new subdivisions to accommodate the inaeased load. 



7.4 UtiUty Impact 

The main role of utilities will be to siqjply electrical enagy to charge EVs. The present electricity system 
can meet the additional demand for enCTgy if most EVs are diarged overnight. More generating capacity 
may be needed if a significant number of EVs are charged during the day when demand is already higher. 



7 J Demand-Side Management 

Electric vehicles are attractive to utilities because they are a potential user of electricity during off-peak 
hours when there is excess generating capacity. 

Utilities are examining a variety of demand side management measures to promote diarging during these 
hours and to discourage it during peak periods. The most likely is a spedal rate structure for operators 
of EVs. Time-of-day, interruptible, and real-time pricing are three possible options. 

Time-of-day pricing already is available. It encourages night-time charging by offOTng a substantially 
reduced rate to users during off-peak hours. 

An iniCTTuptible tariff qualifies customos for redticed rates by allowing the utility to intorupl charging 
during periods whai demand for electridty by other users is greatest. 
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Real-time pricing changes the rate charged on an hourly basis to reflect the actual cost of providing the 
electricity. The mes for the next day would be calculated daily and electronically conummicated to 
customeis. This would allow customers to save money by charging their vdiicles v/hea the rate is lowest 
(Riezemnan, 1992). 



7.6 Distribution 

Where EVs are diarged will determine if their introduction will strain distribution facilities. Initial buyers 
of EVs likely will be relatively affluwit people who live in communities that already have more than 
adequate sCTvice. No distribution problems are anticipated if EVs are trickle-charged. 

Fleet vehicles pose less of a question smce they are generally not purchased on impulse. The longer lead 
time gives the utility ample opportunity to detamine what if any action to take (Canadian Electrical 
Association, 1991). 

The quick-charge option presently is not viable regardless of who buys EVs (Section 7.3 and Appaidix C) 



8. Hybrid Electric Vehicles 

The inadequate range of EVs and the limited bifrastructure to charge them will curb immediate demand 
by the public for EVs. Electric propulsion may be encouraged by the developmait of hybrid vehicles in 
whidi a battery driveai electric motor is augmented by a engine which runs on gasoline or an alternate fuel. 
The auxiliary engine could be oparated when the battery is depleted or when driving conditions necessit^e 
the use of an ICE. 

Toyota Motor Corporation has developed such an advanced hybrid system to powa- its Tercel model. 
The model is called the Prius and its hybrid system incorporates a high-efficiency 1.5 L gasoline engine 
and an EV pov/ei system which is based on NiMH batteries. Toyota estimates that the hybrid vehicle 
will emit only half the amoimt of carbon dioxide and emissions of hydrocarbons, carbon monoxide, and 
NO, will be cut by about 90 per cent compared to a normal ICE vehicle (EVAA Press Release, 1997). 
The hybrid vehicle is comnKTcially-available in J^an and Toyota plans to begin marketing this vehicle 
in North America by the end of 1998. Toyota is curroidy pushing for an equivalent-to-ZEV ruling for the 
Prius hybrid. The hybrid vdiicle does however currently cost $4,000 more than its ICE counterpart 

Honda and Nissan plan to offer similar hybrid vehicles startmg in 1998. 

Volvo has developed a hybrid vehicle which it has dubbed the Environmental Concq^t Car (ECC). 
The ECC is a mid-size, four-door sedan based on the Volvo 850 model. The ECC has a diesel-powered 
gas turbine engine that turns a high-speed electric generator. The graiCTator provides voltage directly to 
an electric motor at highway speeds. Excess power is used to charge the on-board NiCd battery pack. 
The ECC weighs 1580 kg. It has a top speed of 175 k.p.h. and will accelerate from zero to 96 k.p.h. in 
13 seconds. The ECC when powered only by batteries has a range of between 90 to 150 km depending 
on the driving conditions. The gas turbine generator increases the range to 670 km (Kenzie, March 1992). 

TTie Ontario Ministry of the Environment has assisted several companies including Ontario Bus Industries and 
Alupower Canada to design and develop proof-of-concept hybrid vehicles and ZEVs. 
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9, EV Opportunities for Canada 

California is driving the developmesit of the EV industry in North Amaica. Air pollution is not as severe 
in Ontario, but automobiles and the burning of fossil fuels cause much of the pollution which threatens the 
quality of the urban environment. 

Existing EV technology however greatly limits the appeal of EVs in most parts of Canada. Vehicular 
parasitic losses particularly when there is significant snowfall reduces the driving range of currMit EV 
vehicles by i^ to 80 per cait to an unaccq)table 40 km or less. Battmes also lose significant energy 
c^adty during the winter months. The Icme market of^xartunity in Canada far electric vehicles currently is 
the Vancouver area because of its moderate climate and the siq^rt for EVs by the provincial goveramenL 

The automobile industries in Canada and the US however are fully integrated. Canadian manufactuTCTS play 
a major role in the production of cars even though consumers in C^ada buy only 8 per cent of new vehicles 
sold in North America. 

To design vehicles to meet unique Canadian emission reqxiiremimts would be inefQciait and would raise 
the cost of the vehicle. Adopting the US cleaner air standards demonstrates a commitmait to addressing 
air quality and will result in CTivironmaital gains. This argu^ for the continued harmonization of Canadian 
vehicle emission standards with those in the US (Canadian Council of Ministers of the Environment Report, 
1995). The timetable to establish acceptance of ;^Vs in Ontario and other parts of Canada can however be 
adjusted while ZEVs are developed which are more technically and economically viable. 

Meanwhile thCTe is an opportunity for domestic industry to develop and manufacture technology or to 
develop conqxment parts for ZEVs for California evoi though the Big Three automakers will assemble 
most of the EVs in the United States. This includes oppcatunities to develop and manufacture motors, 
motor controllers, batteries/fuel cells, charging systems, and advanced technologies such as flywheels. 
The manufacture of "gliders" would also be an opportunity for domestic branch plants of the Big Three 
automobile manufacturers. 

One local conq)any which is already successful in the ZEV market is Norvik Technologies Inc. of 
Mississauga, Ontario. Norvik has beai developing a fast bj^tery diargCT which can be used with any 
battery type. The goal is to reduce the time it takes to charge a battery from complete discharge to 
95 pCT coit of capacity from 25 minutes to about 10 minutes. Norvik has paimered with Chrysler 
Corporation for the development. The Chryslo" EPIC and the Ford Ranger have been engineered with 
the Norvik charger's electronic controller as an integral part of the EV. 

Oshawa Prototype Services which is a spin-off division of General Motors of Canada Ltd. has developed an 
q>oxy die process which is ideal for Umited number production runs. The GM plant in Lansing, Michigan, 
uses the epoxy die process to manufacture parts for the EVl . Alcan Alumituuni Ltd. provides the 
aluminum for the EVl program. 

Other companies within Ontario which are poised to take advantage of the wider commercialization of 
EVs include SRE Controls Inc. of WatCTloo who manufacture controllers, and Elettra Tedinology Inc. of 
Hamilton. Elettra is developing a broad range of high eM electric motors including a SCIM for use in EVs. 
The company was founded by the former EV motor development group at Westinghouse Motor Company 
of Canada Ltd, 

Sirdo Canada Inc. of St. Thomas, Ontario sells EV cars and pickup trucks whidi are manufactured by 
Solectria Corporation. 
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10. Sammary and Recommendations 

Opportunities for EVs in the near tenn will be restricted to niche markets sudi as California and the other 
southern and weston US states. Elsewhere EVs face many technical and economic impediments which must 
be addressed before they are accepted in the global marketplace. These barriers include lack of suitable 
infrastructure and its inabihty to accommodate different battery charging scenarios, and hmited model 
availabihty and higher capital cost of EVs. 

The lack of suitable battery-manufacturing facilities is particularly identified as a primary inpediment to the 
mass production of EVs. Current battery-manufacturing plants are only pilot scale (e.g. $30 millian capital 
cost per plant), with each plant annually making less than 5.000 batteries. However, mass-production plants 
(e.g. $500 million capital cost per plant) should be operating by 2001 or 2002. 

Automobile OEMs will need to diversify the range of available EV models to broaden their appeal to 
consumers. Otherwise it will be difficult to meet the requirement that 10 per cent of sales of new vehicles in 
CaUfomia by 2003 must be EVs. As an illustration, the highly pqpular ICE powered Ford Taurus currently 
constitutes only 2 per cent of new vehicle sales in North America. 

One viable option to increase acceptance of electric propulsion is to further develop the hybrid vehicle. 
Such vehicles could be powered by a combination of fossil fuel and electricity or they could utilize an 
all-electric system by coupling a flywheel with a battery. 

The lone current market opportunity in Canada for electric vehicles is the Vancouver area because of its 
moderate chmale and the support for EVs by the provincial goverranenL In many other parts of North 
America the viability of EVs is limited by currently available battery designs and climate considerations. 

Even so legislation in some cold chmate states demands that significant quantities of EVs are sold within five 
years. Massachusetts mirrors California in its requirement that 1 per cent of sales of new vehicles in the state 
by 2003 must be EVs. New York state mandates that 2 per cent of new vehicles sold in 1998 must be EVs. 

Electric vehicles wiU have to be accepted widely in cold climate areas throughout North America. 
An estimated population of 300 miUion is needed to sustain a viable EV automobile industry, yet 
seveQty par cait of the population in North Amoica lives in cold climate areas. 

Canada should move to harmonize its standards for air quality with those of the US, but it should not 
mandate the use of technologies such as EVs which are not yet ready for full commercialization and which 
are not widely accepted by the consumer. Canada can however benefit from the wide introduction of EVs. 
Oppcatunities to develcp and manufacture motors, motor controllers, batteries/ftjel cells, charging systems, 
flywheels and "gliders" for EVs represent significant possibilities for domestic industry. The 1998 World 
Electric Vdiicle Conference in Orlando, Florida, and the 2000 conference in Montreal, Quebec, should be 
significant occasions for Canadian manufacturers to demonstrate their expertise in EV technologies. 
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APPENDIX A General Motors EVl 




Electric 
Vehicles 



The Program 



■4- In spring 1993 General Motors completed production ol 12 
engineering development vehicles, based on the 1990 Impact 
showcar. These vehicles are being tested to ensure that this highly 
advanced, ulira-efficient vehicle meets customer requirements as 
well as safety standards. 

<> When testing is complete, General Motors will produce up to 50 
vehicles tor evaluation by hundreds ol potential electric vehicle 
customers. 

O The experience andinlormation gained from this program will help 
General Motors prepare to mass-produce electric vehicles for the 
lale-90s and will help develop the market and infrastructure electric 
vehicles will require 



The Vehicle 

<> The car includes all ol the features customers have come to 
expect from their vehicles, such as. ABS, cruise control, compact 
disc player, plus many ottrer driving comforts 

O The vehicle is an energy efficient 2-pass0nger, 2-door coupe like 
ttm original Impact showcar and is designed to comply with all of the 
vehicle standards which would make it "street legal" and safe. 

♦ A computer-controlled AC Induction motor, combined with pow- 
erful lead-acid batteries, provides instantaneous throttle response, 
smooth, shift-free acceleration and a silent idle. 

■0^ A solar reflective windshiekJ and an electric heat pump ensure 
ultra-efficient passenger compartment climate control. 

o- The ultra-lightweight aluminum structure provides optimum 
strength and energy efficiency. 

■0 Our market research tias determined that 68 percent of drivers 
studied drove less than 50 miles per day, a total daily mileage well 
within the range of our electric vehicle 

Do you have questions or commems? Please call os at (800) 25-ELECTRIC (800-253-5328), or wrjie: 



IMPACTS SPECIFICATIONS 



PERFORMANCE 



DIMENSIONS 



SPECIAL 
FEATURES 



STANDARD 
FEATURES 



Range at 80% Depth of Discharge EPA City = 70 miles 

Highway - 90 miles 

0-60 mph Acceleration 8.5 secorKls 

Top Speed (Electronically Regulated) 75 mph 

Charge Time (rom 80% Depth of Discharge 2 to 3 hours 
(Using 220 Volt, 6.6 kW charging equipment) 



Length 
Width 
Height 
Wheelbase 
Drag Coefficient 
Curb Weight 



169.8 inches 
69,3 inches 
50.5 inches 
98.9 inches 
0.19 
2910 pounds 



o 1 37 Horsepower Three-Phase AC Induction Motor 

♦ 16.8 kWh Maintenance-Free Lead-Acid Battery Pack - 312 Volts 

♦ Electric Motor-Driven Heat Pump Climate System 

♦ Inductively Coupled Charging System 

♦ IGBT Power Inverter Module - 102 kW 

♦ Electro-Hydraulic Power Steering 

♦ Electro-Hydraulic Braking System 

■0- Rigid, Welded and Bonded Aluminum Alloy Body Structure 
■> Blended Regenerative Braking 

♦ Low Inflation Tire Monitor 

♦ High-Vottage Isolation Assurance 



•> Dual Air Bags 

o Anti-Lock Power Brakes 

0- Traction Control 

«• Low Rolling Resistance Tires 

o Aluminum Wheels 

♦ Scotchgard Seats 



♦ AM-FM/Cassette/CD 
0- Electriclear Windshield 
■«• Solar Glass 

♦ Dual Power Outside Mirrors 
0- Cruise Control 

♦ Power Door Locks 



<> Double Wishbone Front Suspension o Power Windows 



GM Electric Vehicles 
432 N. Saginaw St. 
RInt, Ml 48502-9922 



\^ Printed on recycled paper. 
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Overview of the Ranger Electric 

The 1998 Ford Ranger ItV pickup truck is based on 
the best-selling compuct truck, the Ford Ranger and 
incorporates the same "Best-in-Glass" design 
features as its gasoline counterpart. The Ranger EV 
is powered by proven lead acid batteries and is 
equipped with third-generation, electric vehicle- 
specific, powertrain components and electronics. 

The Ruiigcr EV is Ford's 1998 production electric 
vehicle and has been designed and tested to be 
reliable, durable and "Built Ford Tough." The 
Ranger EV is warranted by Ford and provides a 
"Best-in-Class" electric-powered pickup truck. 
Select Ford dealerships will provide sales, 
service, and complete customer satisfaction for 
the advanced technology Ranger EV. 

The Ford Ranger EV has been built with fleet 
customer needs in mind, including such features as: 

- Cargo carrying capacity 

- Usable payload 

- 4-wheel ABS 

- Climate control 

- Dual air bags 

Additionally, the Ranger l<)V includes components 
unique to EVs such as: 

- Regenerative braking 

- Electrohydraulic power steering 

- On-board charger 

- Optional battery heater 

- Re-programmable electronics 

- Conductive charging 



tSw^ 



& 



flectrohYiifauMc 



CwnmunJcalioiM 
CoittT 

Ofwrtes instnimentalton 
and tiinvMe (oiilrd 



■allay ConlrollCT 

MofiHors and controls 
fundiom of rh« baHery 



Hieh-specd, jptiase AC motof 
delrvering powvf to ungle-spccd 
ciirert -coupled tranuxle 



Molor Invw itf 

Converts high 

DC to AC 




Bur SuipanwMi 

Conrposile leal spriiigi 
and watts linkage 



lafter Inlet 

Convenienlly located at 
(he front of the vehicle 



DQPC Cpjive rtof 

Eleitroriic allemiof' 



Lead-Acid Batlen Pidr 
19/8 volt nifldules 



Vehicle 

Model yiMf 1998 

Bociysrylc Srylcsidc, regular cab pickup 

Whcclbasc Short whcclbase 

Payload (Ijusk; vehicle) . . . 700 lljs. 

Gross vehicle weight (est.) 5400 lbs. 

Diiiicnsiims .Same as 1998 gasoline- 
powered Ranger 
Powertrain (located between rear wheels) 

Motor 90 hp, high efficiency, li<|uid 

ctxjicd, .5-phasc AC induction 

Transaxle .Single-s|)eed, rear-wlicci drive 

(integrated with motor) using half-shafts 

Standard Feature) 

Dual Air Bags Occupant safety protection 

hJrrtnMic Microprocessor 

(Jomij/Umti I'brd designed, state-of-the-art 

-Battery Controller Moniuirs functions of 

battery 

-Motor Inverter (liiiverts high-voltage IX' 

to 5-phasc AC 

-OHnmunicalions Operates insirumcntatton and 

Center climate control 

Heater Klcctr ic resistance 

Rq^ncralivc Braking Kncrgy rceovcry to inercasc 

range 

pAxmoftiy [Iriw; Dfivcr controlled with iiKrcascd 

regenerative braking 

EXTIX; Cimvertor Electronic "alternator" 

4-whcel ABS Straighter stopping control 

under most conditions 

Power Steering RlcctroJiydraiilic 

Wliecis and Tires I jghtwcighi aluminum wliccli, 

low tolling rcsbilancc lircs 



Battery 

'ryi)c Sealed lead acid 

Modules 39/8-vo!t 

Voltage .M2 volt system 

Battery energy capacity ... Zi kwh ( 1 9 kwh at 8.S% 
rating (<* PUl>S disdiargc) 

Charger On-board, 240v/JO amp 

utilizing safe, convenient 
conductive technology 

Pcrforinance Targets 

O-.M) mpli acceleration .... I2..S seconds (gasoline 

Ranger <12 sec.) 
Top speed (governed) .... 7.S mph 

- l-lll)S cycle (»■ 72F 58 miles 

without A/C; or heater 
ojKration 

- C;ustomcr range @ 72r -SO miles 

- Customer range @ .WK 3.S miles 

including heater 

Wiirraiity 

Vehicle Saroc as 1998 gasoline 

powered linger 
Batteries 2-yeari second year prorated 

Options 

Air GomliiHHiing Rncrgy efficient unit|uc 

liV design 
Battery Heater Uii letlicr for cold 

dimatcs 
Sparc Ttre and Jack Tire mounted in pickup bed 

For more !iifoni)atioii: 

phone 800-Ai;i-FUKI, -fax (810) 3J3-97I0 

tl-342K 
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APPENDIX C Solectria-Manufactured Electric Vehicles 




SOLECTRIA 



THE LEADER IN ELECTRIC VEHICLE TECHNOLOGY' 



With over one million nales ofon-road experience, 
Solectria presents the Force electric sedan... 

^^ffermg state-of-the-art electric vehicle technology in a safe, 
ocanfortable, and spacious foui-door sedan, the Solectria Force is 
the only production electric sedan that met all of the grueling 
requirements est^Ushed by the nationwide electric utility 
industry and U.S. Department of Energy coordinated EV 
America program. Solectria EVs today deliver reliable 
performance in challenging weather and geographic conditions 
rangirtg from Arizona to Vermont 

The Force features smooth, whisper-quiet, shift-free operation, 
regenerative braking, a full-size trunk, and a (sonveijent onboard 
charger requiring oriy a standard household oudet. A Tri-Power 
Selector facilitates efficient driving and maximizes battery 
life, while an optional battery thermal management system 
maintains range in cold weather and an optional Cabin Preheat 
system warms your vehicle bdore you dimb la 

Low-maintenance, user-6iendly, and cost-effective Solectria 
electric vehicles make a positive environmental statement 
without sacrificing personal comfort. Solectria ...the leader 
mdectricvdudetechnologi/. 



SOLECTRIA 



SOLECTRIA CORPORATION 

68 Industrial Way • Wilmington, MA 01^7 USA 

508-65S-2231 / Fax 508-658-3224 / vv-ww.solectria.com 

C Copynghi 1996 by Sdcctru CorpDntion. AJt ngho rrsmrvtd. Phnitd in USA. 
PtKrto o/ SoiertTM f on* by S«m C^den Plwogriphy , Bowofv MA. 




\ EHICLF SPECIFICATIONS 



System Power 42kVV 

tJEngth 164" 

Width W 

Height 56" 

Cuit) Weight 24601b 

TopSpeed TOmph 

Kficiexy®45mph 137VVhr/ira 

Accdaration: 0-30mph Ssec 

0-a}tnph ISsec 

Range: StaiKiard Lead Add SO mi @ 45 mph 
C^tionalOvonicNickd-Meta) Hydride 105 mi® 45 mph 

STANDARD 

High-Efficiency 42kW AC Induction Drive System with Direct-Drive 
and Regenerative Braking, Tri-Power Selector, Sealed Mamtenance-Free 
Batteries, Dual Airbags, Power-Assist Brakes, Electric Heater /Defroster, 
12V DC-DC Converter, Battery Level Gauge (Digital Amp-Hour Meter), 
Onboard Battery Charger (1.6kW/110VAC standard for Lead Add model, 
3kW/220VAC standard for NiMH), Reclining Ctofli Front Bucket Seats, All- 
Season Radial Tires, Exterior Cotor White (unless ottverwise noted), Solectria 
Owner's Manual 

OPTIGNS 

AM/FM Stereo with Cassette 

AM/FM Stereo with CD 

Air Conditioning with CFC-Free Refrigerant 

Analog Ammeter or Analog Voltmeter 

Rear Window Defogger 

Cabin Preheat 

ADDITIONAL OPTIONS (for Ue4 Acui Battay malel only) 

Automatic Battery Thermal Management System - for optimal battety 

performance and life in cold-diinatc conditions 
Onboard Battery Charger Upgrade to 3kW/220VAC, 3.5-Hour Full Recharge 



sfl^ DOT-Certified 

unibody 

cortstruction 



forward I reverse 
controls & battery 

meter 



solar max-power 12-voll ^^^j 

tracker (opt.) power comxrter ^{^ ^ 

rack & pinion 
irrushiess storing 
motor ' 



law-rolling- 
resistance ttres 



rear 
battery pack 



IWV automatic 
wall-plug charger 




single speed 
gearbox (automatic) 



front and rear 

McPherson strut 
suspension 



front 

passive-restraint 

seat belts 



comfortable 
bucket seats 



ela:tronic motor 

controller wtth 

regenerative brakes 
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- 70 Electric Fleet Pickup 





SOLECTRIA 



THE LEADER IN ELECTRIC VEHICI F TFCH\nLOC\' 



With over one million miles ofon-road 
experience, Sokctria presents the E-10 
pickup truck... 

V^ffering state^rf-the-art dectric vehicle technolog}- in a safe 
and comfortable pickup buck, the Solectiia £-20 met fli!i of the 
graeKng requirements established by the nationwide electric 
utility industry and VS. Departaient of Energy cooniinated 
EV America program. 

The Solectria £-10 feature smooth, whisper-quiet, shift-free 
apemtion, regenerative braking, a standard size hinged bed, 
and a convenient onboard charger. A Tri-Power Selector 
facilitates efficient driving and maximizes battery life, while 
an optional battery thermal management system maintains 
range in cold weather. Rapid chai^g is available with the 
optional Hughes Inductive Charging Port. 

Solectria EVs have earned a reputation for low maintenance 
cost and high reliability in fleet operation. They deliver 
reliable performance in diallengir\g weather and geographic 
conditiore ranging from Arizona to Vermont. 

User-friendly Solectria EVs make a positive environmental 
statement witiwut sacrificing personal comfort. 

Solectria ...the leader m electric vehicle technology/. 



VEHICLE SPECinCAllONS 



System Power 


64 kW 


Gradability 


28% 


Top Speed 


70 mph 


Efficiency @ 45 mph 


230VVhr/mi 


Acceleration, - 30 mph 


7sec 


0-50 mph 


15 sec. 


Curb Weight 


40501b 


Range @ 45 mph 


60 mi 


Payload 


550 ft. 



Standard Equipment 

High-Efficiency AC Induction Drive System with Direct-Drive & 
Regenerative Braking, Tri-Power Selector, Sealed Maintenance- 
Free Lead Add Batteries, Driver's Side Airbag, Power- Assist 
Brakes, Power Steering, Electric Heater/Defrxjster, 12V DC-DC 
Converter, Battery Level Gauge (Digital Amp-Hour Meter), 
Onboard Battery Charger (3kW/220VAQ, Voltmeter, Ammeter, 
All-Season Radial Tires, Standard Size Bed, Exterior Color White 
(unlKS odterwise noted), Solectria Owner's Manual 

Options 

AM/FM Stereo with Cassette 
Air Conditioning with CFC-Free Refrigerant 
Automatic Battery 'nieranal Management System 
Hughes Inductive Charging Port 



Air conditioner 
pump/compressor 



Air conditioner/ 
power steering 
motor 



DC/DC 

converter 



Air conditioner motor controller 



AC motor contrvllers 



Battery box 



Twin AC 
induction t 




Battery box 




SOLECTRIA 



SOLECn«A CORPORATION 

33 Industrial Way ■ Wilmington, MA 01887 USA 

50&-658-2231 / Fax 508-658-3224 / www.solectria.com 



Standard size. 

unobstructed 
bed 



OCopyright 19% by Solectru Corponnon. All rights ranved. Printtd in USA. Photo of Soledria E-Wby Sun Ogden Photognphy, Boston, MA 



APPENDIX D Assessment of Different Charging Scenarios 

The following analysis assesses the ability of exisUng transformers and secondary cables to accommodate 
EVs. 



Assumptions: 



4000 ft^ homes (80 per cmt with A/C. 50 per cait with electrical heating) 
5 homes per 100 kilovolt-ampCTe (kVA) transfonnor (20 kVA per home) 
maximum loading on transformer is 140 per cent (28 kVA per home) 
demographics of sudi a subdivision would matdi those of the initial EV market 



Season 


Base Load (kW) 


A/C (kW) 


Electric Heat 
(kW) 


Total** 
(kW) 


SummCT 


3.5 


9.4 * 0.8 





11.02 


Winter 


5.2 





40 * 0.5 


25.2 


Winter *** 


5.2 








5.2 



* Based on information provided by Mississauga Hydro. 

** Load assun^tions based on peak demand period. During the summer months, there is 
approximately 17 kW of excess capability. During the winter, the excess is reduced to 
approximately 3 kW. 

*•* Wmter load for non-clectrically heated home. 

After 9-10 pm, the base load demand is reduced. HVAC demand is assimied to remain constant. 

Example 1: Charging a 25 kWh battery 

15 minutes (quick-charging) requires 100 kW 

4 hours (trickle-diarging) requires 6.25 kW 

8 hours (trickle-charging) requires 3.1 kW 
Example 2: Charging a 35 kWh battery 

15 minutes (quick-charging) requires 140 kW 

4 hours (trickle-diarging) requires 8.75 kW 

8 hours (trickle-diarging) requires 4.38 kW 

Maximum loading per transformer is 28 kVA per home. Quick-charging is not viable even if it was the 
only load on the system. 



READER RESPONSE FORM 

Electric Vehicles 

Technology Development for a Cleaner Environment 

1998 



We value your comments. By completing this form you will help us Increase our undefstanding of how we 
can best utilize resources and provide more useful information. 

1 Did you find this report of value to your business or operation? 



2 What part of the report did you find most useful? 



3 Are there technical or economic issues and opportunities not identified in the report? If so please 

Identify. 



4 Are there areas in the report we can improve? 



B Any other comments you wish to share? 



Respondent's name/organization/address/phone number 



Please return a copy of this Reader Response Form by Fax or mail to the following address: 

Ontario Ministry of the Environment 
Industry Conservation Branch 
2 SL Clair Avenue West, 14*^ Floor 
Toronto, Ontario M4V 1 L5 

Tel: (416) 327-1253 
Fax: (416) 327-1261 

Attn: Gabriela Teodosiu 



iiimiii 

(8316) 
MOE/TEC/AISW 





Data Due 
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